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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Our previous work has demonstrated that rat bone marrow stem cells
(BMSCs) can transdifferentiate into a-amylase-producing cells after coculture with rat subman-
dibular gland acinar cells. These transdifferentiated cells may be used for regeneration of
damaged salivary gland. The purpose of this study was to investigate the global gene expres-
sion of rat BMSCs cocultured with rat submandibular gland acinar cells and the factors inducing
this transdifferentiation.
Methods: Rat BMSCs were indirectly cocultured with rat submandibular gland acinar cells by
using the double chamber system for 5 and 10 days. The global gene expression of BMSCs during
transdifferentiation into acinar cells was investigated by microarray analysis.
Results: A total of 45,018 probes were used and 41,012 genes were detected. After coculture
for 5 days, 1409 genes were upregulated more than twofold and 1417 genes were downregu-
lated more than twofold (p< 0.005). Moreover, after coculture for 10 days, 1356 genes were
upregulated more than twofold and 1231 genes were downregulated more than twofold
(p< 0.005). Bone morphogenetic protein (BMP)-6 was one of the top-ranked upregulated
genes. The hub genes were interleukin-6 and CCAAT/enhancer-binding protein b (CEBPB) in
the early and late response gene groups, respectively.
Conclusion: This is believed to be the first study on the global gene expression of rat BMSCs
cocultured with rat acinar cells. Many genes related to the function of salivary acinar cells such
as those responsible for the production of a-amylase protein were upregulated and many genes
related to the differentiation of BMSCs into adipocytes and osteoblasts were downregulated. In
addition, BMP-6 gene was found to be highly upregulated. We proposed that three targetstitute of Clinical Dentistry, School of Dentistry, National Taiwan University, Taipei, Taiwan, ROC.
.edu.tw (M.-H. Chen).
ight ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.
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714 C.-Y. Lin et al.genes, BMP-6, interleukin-6 and CEBPB, play important roles in the transdifferentiation of
BMSCs into acinar cells, and are worthy of further investigation.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Adult stem cells may have great therapeutic potential in
tissue repair and regeneration.1,2 Transdifferentiation
occurs when a committed cell type that already develops
along a certain differentiation pathway changes into a cell
type of another cell lineage.3,4 Bone marrow stem cells
(BMSCs) can be transdifferentiated into hepatocytes and
pancreatic islet cells.5,6 In our previous work, we demon-
strated the transdifferentiation of BMSCs into salivary
acinar cells (ACs) and these transdifferentiated ACs do have
therapeutic effects for damaged salivary glands.7,8 The
signaling molecules and pathway leading to this trans-
differentiation are completely unknown, and if and to what
extent established crucial factors are involved is also not
yet known.
Transdifferentiation of rat BMSCs into salivary ACs can
be achieved by an in vitro double chamber culture system,7
therefore, rat BMSCs on the lower part of the chamber are
easily collected during the coculture period. The molecular
mechanisms provoking this reprogramming are unknown,
thus, we analyzed genome-wide gene expression patterns
by using an Agilent Gene-Chip (Agilent Technologies, Santa
Clara, CA, USA) representing 41,012 genes. Thereby, in this
study, gene expression of rat BMSCs after 5 or 10 days
cocultured with salivary acinar cells were collected and
compared to those original stem cells without coculture.
Materials and methods
All animal studies were performed according to a protocol
approved by the Institutional Review Board of National
Taiwan University Hospital. Rats were purchased from the
National Taiwan University Laboratory Animal Center and
kept under clean conventional conditions.
Isolation and culture of salivary ACs
ACs were obtained from 7-day-old Wistar rats using the
explant outgrowth technique.9 The thin fascia layer of the
submandibular gland was carefully removed to expose the
tissue, which was then cut into small fragments about
1 mm3 in size. The tissue fragments were then cultured at
37C in a 5% CO2 humidified incubator with M199 culture
medium (BioChrom AG, Berlin, Germany) supplemented
with 20% fetal bovine serum (Biological Industries, Beit
Haemek, Israel) and antibiotics/antimycotics (penicillin G
sodium 100 U/mL, streptomycin sulfate 100 mg/mL,
amphotericin B 0.25 mg/mL; Gibco, Grand Island, NY, USA).
Cells released from the tissues grew to confluence. At
approximately 90% confluence, tissue fragments were
removed and subcultured on two 100-mm culture dishes
(Corning Inc., Corning, NY, USA). Under these conditions,cell division and growth continued to yield enough cells and
the second passage of cells was used.Isolation and culture of BMSCs
BMSCs were harvested from the tibia of 4-week-old Wistar
rats. Bone marrow was collected in a syringe with a 21-
gauge needle and mixed (1:9, v/v) with a buffer containing
0.8% ammonium chloride and 10 mM EDTA (Sigma, St. Louis,
MO, USA) for 10 minutes to lyse the red blood cells. After 24
hours, the spindle-shaped colonies in the adherent cells
were identified as mesenchymal stem cells. There were still
some suspended small stem cells,10 therefore, the non-
adherent cells in the supernatant were also collected by
centrifugation at 500 g for 5 minutes and plated on 100-mm
culture dishes containing Dulbecco’s Modified Eagle’s
Medium (BioChrom AG, Berlin, Germany) supplemented
with 20% fetal bovine serum and antibiotics/antimycotics
and cultured at 37C in a 5% CO2 humidified incubator. The
small stem cells adhered to the culture dish after 24e48
hours. Both spindle-shaped cells and small stem cells were
collected together as BMSCs.Identification of ACs and BMSCs
For identification, flow cytometry analysis was performed.
ACs were prepared as aliquots containing 5 105 cells and
nonspecific binding sites were blocked with 0.1% Triton X-
100 (Sigma) and bovine serum albumin (Sigma) for 30
minutes, and then incubated with the primary rabbit anti
human anti-a-amylase antibody for 1 hour (SigmaeAldrich,
St. Louis, MO, USA). After washing with phosphate-buffered
saline and incubation with the secondary sheep anti rabbit
IgG antibody conjugated with fluorescein isothiocyanate
(FITC; Chemicon International, Temecula, CA, USA) for
another 10 minutes, cells were then fixed in 4% para-
formaldehyde and ready for flow cytometry analysis. BMSCs
were stained for CD45, CD54 and CD90 surface markers.
The adherent cells were detached by trypsinization,
centrifuged for 5 minutes at 500 g and resuspended in
phosphate-buffered saline. Aliquots containing 5 105 cells
were incubated with primary antibodies conjugated with
FITC (anti-CD45, anti-CD54, and anti-CD90; AbD-Serotec,
Oxford, UK) for 15 minutes at 4C. Cells were fixed in 4%
paraformaldehyde and were ready for flow cytometry
analysis. The amount of a-amylase on ACs and each surface
marker on BMSCs were quantified using the FACSCalibur
flow cytometer (Becton Dickinson, Mountain View, CA,
USA). As negative controls, cells were incubated only with
the secondary antibody conjugated with FITC and without
primary antibody. Fixed ACs and BMSCs were analyzed using
the FACSCalibur cytometer (Becton Dickinson). For each
sample, 10,000 events were acquired and analyzed using
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achieved by application of quantitative microbeads (Cali-
BRITE; Becton Dickinson) using FACSCopm software. Events
were acquired using identical conditions and gated to
exclude cellular debris from the analysis. Cell surface
makers expressed on BMSCs and a-amylase expressed on
ACs were determined by comparison with isotype controls
on a histogram plot.
Indirect coculture system
BMSCs and ACs were cocultured indirectly with the double
chamber system as described previously.7 ACs were seeded
on the upper inserts and BMSCs were loaded at the lower
wells for culture. The ratio of cell density of BMSCs to ACs
was about 1:4. BMSCs were treated with 1% EDTA (Sigma)
and resuspended with M199 culture medium at a density of
2 104 cells/well in a 12-well plate (BD Falcon; BD Biosci-
ences, Franklin Lakes, NJ, USA). Culture inserts (Costar;
Corning), each containing 8 104 ACs, were placed in eight
of the 12 wells; one insert for each well. The other four
wells contained only BMSCs. In eight coculture wells, the 5-
day coculture period proceeded in four wells and 10-day
coculture in the other four wells.
Total RNA isolation
Total RNA was extracted from each sample (nZ 4 from 5-
day coculture system, nZ 4 from 10-day coculture
system, and nZ 4 from BMSCs without coculture) with Trizol
(Invitrogen, Carlsbad, CA, USA) and purified using RNAeasy
Columns (Qiagen GmbH, Hilden, Germany,). RNA was
quantitated by NanoDrop ND-1000 (Thermo Scientific,Figure 1 Bone marrow stem cells were negative for CD45 (A) and
expression was 70%, and CD90þ expression was 97%. Acinar cells wWilmington, DE, USA) and the quantity and integrity was
established by resolving on 0.8% formaldehyde agarose gels.
Expression profiling of genes by microarray
experiments
Microarray experiments were performed by using Agilent
Rat Genome 4 44k oligonucleotide arrays. These arrays
covered the entire genome. For labeling reaction, 1 mg RNA
from original BMSCs, 5-day cocultured BMSCs, and 10-day
cocultured BMSCs was used (nZ 4 from original BMSCs,
nZ 4 from 5-day cocultured BMSCs, and nZ 4 from 10-day
cocultured BMSCs). Labeling was done using the Quick Amp
labeling kit (Agilent Technologies) according to the manu-
facturer’s protocol. Briefly, using T7 promoter element
coupled with oligodT primer, cDNA was generated and
labeled cRNA was generated via an in vitro transcription
reaction using T7 RNA polymerase and cyanine (Cy)3 (for
original BMSCs) or Cy5 (original 5-day cocultured, 10-day
cocultured BMSCs) CTP. Labeled cRNA (0.825 mg) of the
respective sample was used for hybridization in the
following combinations: original BMSCs (Cy3) and 5-day
cocultured (Cy5), original BMSCs (Cy3) and 10-day cocul-
tured (Cy5). Both 5-day and 10-day cocultured BMSCs were
labeled with Cy5 for comparing with original BMSCs labeled
with Cy3.
Cy 3 and Cy5 are cyanine dyes and are used typically for
two-color detection. Cy3 dyes fluoresce yellowegreen
(w550 nm excitation, w570 nm emission), whereas Cy5 is
fluorescent in the red region (w650/670 nm) but absorbs in
the orange region (w649 nm). Hybridization was performed
for 17 hours, rotating at a speed of 10 rpm at 65C in
a hybridization oven (Agilent Technologies).positive for CD54 (B) and CD90 (C). The percentage of CD54þ
ere consistently positive for a-amylase (D).
Figure 2 The intensity plot and MA plot demonstrate the consistency and correction of these array experiments. The real images
of these two array chips are also shown.
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Microarray image analysis was done using Feature extrac-
tion version 10.5.1.1 (Agilent Technologies) and data anal-
ysis was done using Gene Spring version 10 (Agilent
Technologies). The background corrected intensity values
were used for analysis. Normalization was done using
LOWESS algorithm. Similarly expressed genes were filtered
on the basis of standard deviation between two biological
replicates with the cutoff < 1. Fold changes were calcu-
lated and genes with more than a twofold difference wereTable 1 Noteworthy genes in bone marrow stem cells
cocultured with salivary acinar cells were listed. Top ranked
genes indicated the most changed genes in the up-/down-
regulated groups.
Significant upregulated genes Significant downregulated genes
Gene name Gene name
CCL20
CCL6
CxCL1
Expi
GxCL2
BMP6
BMP3
Kcns2
Kcnmb1
ENSRNOT00000040034
Kcnk2
Kcnmb1
Kcns3
AQP9
SLC12A2
Fgl2
Smpd3
Filip1
RT1-Da
Hnmt
Ctrc
Has2
Mepe
AW141646
Bst2
LOC289485
BMP2
Fabp4
Fabp7
top rankedselected. The IPA software (Ingenuity System) was used to
explore the network between these changed genes.Results
Identification of cells
Fig. 1 shows phenotypic characterization of the culture-
expanded cells by flow cytometric analysis of the surface
antigens of BMSCs and functional protein expression of ACs.
Cells from bone marrow were consistently positive for
intercellular adhesion molecule 1 (CD54), Thy-1 (CD90) and
negative for leukocyte common antigen (CD45). The cells
from the submandibular glands were consistently positive
for a-amylase. The percentage of CD54þ expression wasFigure 3 The early response, late response, and consistent
response genes to the cocultured with ACs of BMSCs were
defined.
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amylase was 100%.
Microarray image and data analysis
A total of 45,018 probes were used and 41,012 genes were
detected. After coculture for 5 days, 1409 genes were
upregulated more than twofold and 1417 genes were down-
regulated more than twofold (p< 0.005). Moreover, after
coculture for 10 days, 1356 genes were upregulated more
than twofold and 1231 genes were downregulated more than
twofold (p< 0.005). Fig. 2 shows the intensity plots, MA plots
and array images of 5-day and 10-day coculture comparison
experiments. Among all these changed genes, top ranked and
interested genes were selected (Table 1). Bone morphoge-
netic protein (BMP)-6 was noted to be one of the top-ranked
upregulated genes and demonstrated about 14.57- and
12.71-fold changes after 5-day and 10-day coculture. Genes
related to the function of salivary ACs, such as potassium
channel subfamily K member 2(Kcnk2), solute carrier family
12 (sodium/potassium/chloride transporters) member 2Figure 4 The eligible network of early response genes analyz(SLC12A2), and aquaporin-9(AQP9), were also noted as
upregulated. Genes related to osteogenesis (MEPE), chon-
drogenesis (Has2) or adipogenesis (Fabp4) were down-
regulated. early response (changed genes at 5-day
cocultured), late response (changed genes at 5-day cocul-
tured) and consistent response (changed genes at 5-day/10-
day cocultured) (Fig. 3) were analyzed by IPA software
(Ingenuity System). It was found that the hub gene IL-6 was
one of the early response genes (Fig. 4). The CCAAT/
enhancer-binding protein b (CEBPB) gene was found to be
one of the late response genes (Fig. 5). The eligible network
of consistent response genes was also analyzed by IPA soft-
ware (Fig. 6).
Discussion
In the present study, we tried to profile the global gene
expression in BMSCs cocultured with salivary ACs for 5 days
and 10 days by using microarray analysis and IPA software for
eligible network analysis of early response genes, late
response genes and consistent response genes. The overalled by IPA software. The hub gene interleukin-6 was noted.
Figure 5 The eligible network of late response genes analyzed by IPA software. The hub gene CCAAT/enhancer-binding protein
b was noted.
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various genes with different functions was upregulated and
downregulated, and further study is needed to confirm the
gene expression profile. However, the present study provided
some information that is worthy of further study. For
example, in the group of upregulated genes, chemokine
ligand, extracellular peptidase inhibitor, and interleukin
accounted the great majority,11e13 but bone morphogenetic
proteins were still especially noted. Besides, genes related to
the function of salivary ACs, such as potassium channel
(Kcnk2),14e16 sodium channel (SLC12A2),17 and the water
channel (AQP9).18 In the downregulated group, genes related
to mesenchymal-preoerty (Ctrc),19 osteogenesis (MEPE),20,21
chondrogenesis (Has2)22 and adipogenesis (Fabp4)23 were
noted, which suggested that the committed differentiation
into osteoblasts/adipocytes of BMSCs was switched to
another direction on account of coculture with ACs.24
BMP-6 was one of the top-ranked upregulated genes, and
its expression was increased 14.57-fold and 12.71-fold after
5-day and 10-day coculture. BMP-6 is a member of the
transforming growth factor-b superfamily, and it appears to
play various biological roles in developing tissues. The TGF-
b superfamily of 50 structurally related cytokines includes
factors important in cell growth and differentiation.25,26
Apart from TGF-b, members of this multigene family
include members of the activin/inhibin subunit gene family,members of the decapentaplegic-Vg-related gene family,
including BMPs. TGF-b family members signal through het-
erodimeric complexes of type-I and type-II transmembranous
serine/threonine kinase receptors.27 Downstream signaling
is transduced by unique proteins of the Smad gene family.28
During organogenesis, TGF-b family members regulate cell
growth, differentiation, and tissue regeneration.26
BMP-6 is specifically expressed in suprabasal layers of
the epidermis, and it has been shown to inhibit cell divi-
sion, to promote terminal epithelial differentiation.29 A
recent study has demonstrated that BMP-6 expression in
salivary glands is uniquely associated with AC differentia-
tion and suggests that BMP-6 may play a role in salivary
gland function.30 In our results, consistent upregulation of
BMP-6 in BMSCs after coculture with ACs suggests that BMP-
6 is related to transdifferentiation of BMSCs. In our study,
BMP-6 was highly upregulated 14-fold and 12-fold after 5
days and 10 days coculture, respectively. Cytokines were
originally identified as genes critically involved in the
regulation of osteogenic differentiation, and BMP-6 is now
considered to have critical functions in many develop-
mental processes.31 Multiple components of the BMP
signaling cascade, including SMADs, HIVEP2, CEBPB, and
RUNX, are involved in an array of cellular processes.
Although these signaling mediators are considered to have
redundant activities, the influence of BMP activation can
Figure 6 The eligible network of consistent response genes analyzed by IPA software.
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depending on the cellular context.32 Moreover, we noted
that interleukin (IL)-6 was the hub gene in the early
response group (Fig. 4). A previous study has shown that IL-
6 is induced by BMP-6 and stimulates cell growth and
differentiation, and a more recent study has shown that the
BMP-6/IL-6 loop promotes cells transdifferentiation.33
Mechanistically, BMP-6 derived from prostate cancer cells
increases the expression of IL-6 in macrophages, and IL-6
induces the neuroendocrine differentiation of prostate
cancer cells. IL-6 induced by BMP-6 drives this trans-
differentiation process. When this feedback loop is dis-
rupted with blockade of BMP-6 or IL-6, transdifferentiation
is no longer observed.33
We also noted the expression of the hub gene CEBPB in
the late response group (Fig. 5). A previous study has shown
that CEBPB is critical for macrophage functioning, and has
been shown to bind to the IL-6 gene.34,35 A more recent
study has demonstrated that the conversion from ACs to
a ductal phenotype, and from pancreatic to hepatocyte or
ductal cells, is also dependent upon the expression of
CEBPB.36 Besides, CEBPB is induced by a BMP-6-mediated
pathway to affect cell growth.37 Another recent study has
reported the consistent upregulation of CEBPB with IL-6during tissue regeneration.38,39 From the present study
using microarray analysis and a previous study, we suggest
that three target genes, BMP-6, IL-6 and CEBPB, might play
important roles during the transdifferentiation of BMSCs
into salivary ACs, and are worthy of further investigation.
Further study is necessary to explore detailed mechanisms
and to investigate interactions between cells and dynamic
changes of gene expression, to understand the possible
pathway of signal transduction.Acknowledgments
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